Systemic inflammatory factors are inconsistently associated with the pathogenesis of chronic obstructive pulmonary disease (COPD). We conducted a systematic review and meta-analysis to summarize the evidence supporting the association between systemic inflammation and the risk of COPD. Pertinent studies were retrieved from PubMed, EmBase, and the Cochrane Library until April 2015. A random-effects model was used to process the data, and the analysis was further stratified by factors affecting these associations. Sensitivity analyses for publication bias were performed. We included 24 observational studies reporting data on 10,677 COPD patients and 28,660 controls. Overall, we noted that COPD was associated with elevated serum CRP (SMD: 1.21; 95%CI: 0.92-1.50; P < 0.001), leukocytes (SMD: 1.07; 95%: 0.25-1.88; P = 0.010), IL-6 (SMD: 0.90; 95%CI: 0.48-1.31; P < 0.001), IL-8 (SMD: 2.34; 95%CI: 0.69-4.00; P = 0.006), and fibrinogen levels (SMD: 0.87; 95%CI: 0.44-1.31; P < 0.001) when compared with control. However, COPD was not significantly associated with TNF-α levels when compared with control (SMD: 0.60; 95%CI: -0.46 to 1.67; P = 0.266). Our findings suggested that COPD was associated with elevated serum CRP, leukocytes, IL-6, IL-8, and fibrinogen, without any significant relationship with TNF-α.
Introduction
Chronic obstructive pulmonary disease (COPD) is one of the major causes of death [1] . COPD is characterized by progressive and incompletely reversible airway obstruction. It is associated with an abnormal systemic inflammatory response of the lungs to particles or noxious gases [2] [3] . The mechanisms associated with the risk of COPD are inconclusive, and are most likely related to systemic inflammation, oxidative stress, hypoxia and a sedentary lifestyle [4, 5] .
Previous studies already demonstrated that cigarette smoking is the major risk factor for the development and progression of COPD [6] [7] [8] . Although many biomarkers play an important role in the pathophysiology of COPD, their role in monitoring COPD outcomes is unclear.
Several retrospective studies have suggested that active inflammation marked by increased serum levels of tumor necrosis factor-α (TNF-α), interleukin (IL-6), and C-reactive protein (CRP) was associated with the progression of COPD [9] [10] [11] [12] [13] [14] [15] . However, the results of 4 studies [14, [16] [17] [18] showed no association between CRP and the risk of COPD. The study by Harting et al [18] suggested that patients with COPD had lower serum IL-6 levels, and five studies suggested that COPD was associated with lower or insignificant serum TNF-α levels [19] [20] [21] [22] [23] . Further, the association between IL-8, leukocyte, or fibrinogen levels and the risk of COPD remains inconsistent.
In 2004, Gan et al [24] conducted a systematic review and meta-analysis of 14 studies, which suggested that increased levels of systemic inflammatory markers were associated with lower lung function. However, few studies investigated the role of specific markers in COPD. Therefore, we attempted to conduct a comprehensive meta-analysis of the available studies to determine the association between markers of serum inflammation and the risk of COPD. We also compared these associations in participants with different smoking status.
Materials and Methods
Data sources, search strategy, and selection criteria
Our study was conducted and reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis Statement issued in 2009 (S1 Checklist) [25] . We systematically searched PubMed, EmBase, and the Cochrane Library for articles published through April 2015, to identify potential observational studies, which evaluated the association between systemic inflammatory markers and COPD pathogenesis. We used a search strategy combining text and MeSH terms as follows: ("COPD" OR "chronic obstructive pulmonary disease" OR "bronchitis" OR "emphysema" OR "forced expiratory volume" OR "vital capacity") AND ("systemic inflammation" OR "biological markers" OR "C-reactive protein" OR "CRP" OR "fibrinogen" OR "leucocyte" OR "interleukin" OR "interleukin 6" OR "interleukin-6" OR "IL-6" OR "interleukin 8" OR "interleukin-8" OR "IL-8" OR "tumor necrosis factor-α" OR "TNF-α" OR "inflammatory cytokines"). We restricted any potential studies that were published in English. Abstracts and online presentations were also searched to identify relevant unpublished clinical studies. Finally, we hand-searched articles with published data relevant to our search as well as the reference lists of all retrieved articles and relevant reviews, comments, or letters. Medical subject headings, methods, disease status, design, and levels of systemic inflammatory markers were used to identify the relevant studies.
The literature search was undertaken by two authors independently. Any inconsistencies between the two authors were resolved by group discussion to arrive at a consensus. The inclusion criteria of studies were: (1) patients with COPD; (2) participants in control group without COPD; (3) studies reporting at least one of the following markers: CRP, IL-6, IL-8, TNF-α, leukocyte, or fibrinogen levels in COPD and control groups; and (4) studies reporting mean, standard deviation and sample size for comparison of case and control for each inflammatory factor. In case of studies without adequate data, we contacted the authors or searched similar articles, which reported sample populations to obtain the unpublished results.
Data collection and quality assessment
Data extraction and assessment were performed independently by two reviewers. Publication information (first author's name, publication year), characteristics of patients and control (country, sample size, mean age, gender, percentage of smoker; patients' status, control status, and assessment of exposure), and outcome variables (CRP, IL-6, IL-8, TNF-α, leukocyte, or fibrinogen levels) were extracted. Any disagreement was resolved by consensus with a third reviewer.
Two reviewers independently evaluated the quality of the included study using the Newcastle-Ottawa Scale (NOS) [26] , which was based on the following 3 subscales: selection (4 items), comparability (1 item), and outcome (3 items). A "star system" (range, 0-9) was developed for assessment. In case of disagreement, a consensus was reached after group discussion.
Statistical analysis
We examined the relationship between markers of systemic inflammation and COPD pathogenesis on the basis of the mean, standard deviation, and sample size in each group, published in each study. Standard mean difference (SMD) was used as a summary statistic. The SMD was significant when the 95% confidence interval (CI) did not include 0. We pooled the SMDs for each inflammatory marker and COPD pathogenesis using random-effects models [27, 28] . Heterogeneity between studies was investigated using the Q statistic, and we considered P values < 0.10 as indicative of significant heterogeneity [29, 30] . Subgroup analyses were conducted for the incidence of COPD on the basis of country, mean age, current smoking status, and FEV 1 predicted. Sensitivity analyses were also conducted by removing each individual study from the meta-analysis [31] . Egger [32] and Begg [33] tests were also used to quantify publication bias. All reported P values are 2-sided, and P values < 0.05 were considered statistically significant. Data analyses were performed using STATA software (version 12.0; Stata Corporation, College Station, TX, USA).
Results
The primary search produced 3,942 records. After scanning titles and abstracts, we excluded 3,868 irrelevant or duplicate articles. A total of 74 potentially eligible studies were selected, and after detailed evaluation, 24 observational studies [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [34] [35] [36] [37] [38] [39] [40] [41] [42] were selected for the final pooled analysis (Fig 1) . A manual search of the reference lists of these studies did not yield any new eligible studies. Table 1 presents the general characteristics of the included studies. In these 24 studies including a total of 10,677 COPD cases, and 28,660 controls, 22 were case control studies and the remaining 2 were cross sectional studies. Five studies [14, 18, 37, 38, 40] were conducted in America, 12 in Europe [9, 13, 15, 16, [19] [20] [21] 23, 34, 36, 41, 42] , 5 in Asia [10] [11] [12] 35, 39] , 1 in Africa [17] , and the remaining 1 in multiple countries [22] . The mean age of COPD cases was 52.2-73.1 years, while it was 49.0-74.5 years in the control group in each included study. Further, the percentage of smokers ranged from 0 to 60.9% in each study. Study quality was assessed using the NOS. Notably, all the included case control studies scored at least 6/9 on the NOS.
A total of 21 cohorts in 20 studies reported an association between CRP and the pathogenesis of COPD. The pooled SMD showed that COPD was associated with higher CRP levels when compared with control (SMD: 1.21; 95%CI: 0.92-1.50; P < 0.001; Fig 2A) , and substantial heterogeneity was presented (I-square: 95.1%; P < 0.001). As a result, a sensitivity analysis was conducted, and after each study was sequentially excluded from the pooled analysis, the conclusion was not affected by the exclusion of any specific study.
A total of 6 studies reported the relationship between leukocyte levels and COPD pathogenesis. We noted that patients with COPD presented with high leukocyte levels when compared with participants without COPD (SMD: 1.07; 95%: 0.25-1.88; P = 0.010; Fig 2B) , although significant heterogeneity was detected (I-square: 94.4%; P < 0.001). Based on the sensitivity analysis, we excluded the study conducted by Helvoort et al [19] , which specifically separated COPD patients into muscle wasted and non-muscle wasted categories, which may have contributed significantly to this association. Subsequently, we concluded that COPD was not associated with leukocyte levels (SMD: 0.72; 95%CI: -0.12 to 1.56; P = 0.095; with substantial heterogeneity: I-square = 94.8%; P < 0.001; Fig 2B) .
The breakdown of the number of studies available for each outcome was 14 cohorts (14 studies) and 9 cohorts (8 studies) for IL-6 and IL-8 levels, respectively. The pooled analysis of the relationship between IL-6 and IL-8 levels with COPD pathogenesis suggested that COPD patients showed higher IL-6 (SMD: 0.90; 95%CI: 0.48-1.31; P < 0.001; Fig 3A) and IL-8 levels (SMD: 2.34; 95%CI: 0.69-4.00; P = 0.006; Fig 3B) compared with the controls. We observed substantial heterogeneity in the magnitude of the effect across the studies (P < 0.001 for IL-6 and IL-8).We conducted sensitivity analyses and the conclusion was not altered after sequential exclusion of each study from all the pooled analyses.
A total of 10 articles reported an association between TNF-α level and the risk of COPD. The pooled SMD showed no significant difference between COPD patients and control (SMD: 0.60; 95%CI: -0.46 to 1.67; P = 0.266; Fig 4A) , and substantial heterogeneity was observed (Isquare: 98.4%; P < 0.001). A sensitivity analysis suggested that the conclusion was not affected by the exclusion of any specific study.
A total of 6 studies reported the relationship between fibrinogen level and the pathogenesis of COPD. We found that COPD was associated with elevated fibrinogen levels when compared with participants without COPD (SMD: 0.87; 95%CI: 0.44-1.31; P < 0.001; Fig 4B) . Although substantial heterogeneity was observed in the magnitude of the effect across the studies (Isquare: 99.4%; P < 0.001), the conclusion was not affected by the exclusion of any specific study.
Heterogeneity testing of the analysis showed a value of P < 0.001 for systemic inflammatory markers. Therefore, we conducted subgroup analyses to minimize heterogeneity among the included studies (Table 2) . Overall, COPD was not related to leukocyte levels if the study was conducted in other countries, the mean age of patients was less than 60, the participants were current or partial smokers, and FEV 1 predicted in COPD patients was greater than 50%. Similarly, COPD patients were not associated with IL-6 level if the participants were non-smokers. Patients with COPD were not associated with elevated IL-8 level if the study was conducted in Europe, or participants were current or partial smokers. Finally, COPD was associated with elevated TNF-α level if the study was conducted in other countries, and the mean age of participants was less than 60. The Egger [32] and Begg tests [33] showed no evidence of publication bias for CRP (P value for Egger: 0.578; P value for Begg: 0.144), leukocytes (P value for Egger: 0.395; P value for Begg: 0.308), IL-8 (P value for Egger: 0.201; P value for Begg: 0.386), TNF-α (P value for Egger: 0.688; P value for Begg: 0.707), and fibrinogen (P value for Egger: 0.339; P value for Begg: 0.452). However, although the Begg test showed no evidence of publication bias for IL-6 (P = 0.669), the Egger test showed potential evidence of publication bias for IL-6 (P = 0.001). The conclusions were not altered after adjusting for publication bias using the "trim and fill" method. Symbols means: """: enhancement; "#": inhibition; "-": invariant.
Discussion
The objective of the present meta-analysis was to determine the relationship between systemic inflammatory markers and COPD pathogenesis. Twenty-four observational studies were identified (22 case control studies, and 2 cross-sectional studies), and included a total of 10,677 COPD cases, and 28,660 controls. Results from pooled analyses showed that COPD was associated with an elevated CRP, leukocyte, IL-6, IL-8, and fibrinogen levels when compared with control group, without any significant differences in TNF-α levels. These results enable us to refine the definition of clinical phenotypes and monitor the response to existing and new therapeutic strategies, and assist physicians with accurate therapeutic decision-making.
A previous meta-analysis [24] suggested that reduced lung function was associated with increased levels of systemic inflammatory markers, which may have important pathophysiological and therapeutic implications for subjects with stable COPD. The inherent limitation of the previous review related to the small number of studies reporting several markers. For instance, only 1 study reported the relationship between IL-6 and COPD pathogenesis. Two studies provided the outcomes with IL-8, which were not statistically significant, and the outcomes were unstable. Therefore, we conducted an updated meta-analysis to determine these associations, and evaluate the relationships in specific subpopulations.
Most of our findings were consistent with previous studies. However, several studies reported inconsistent results. Aaron et al [14] suggested the absence of significant differences between CRP and pathogenesis of COPD in smokers. Further, Fattouh et al [17] indicated that elevated levels of CRP, fibrinogen and leukocytes in individuals with COPD were associated with increased risk of exacerbation, but no significant difference when COPD patients were compared with controls. The result could be explained by the study design exploring systemic inflammatory markers in patients with different COPD status, and the different stages of COPD across included studies. Our current study suggested that CRP and leukocyte count played an important role in COPD pathogenesis. CRP and leukocyte levels may be markers of significant bacterial infection providing a rationale for antibiotic treatment. We observed that COPD was associated with elevated IL-6, and IL-8 levels when compared with control. However, several studies included in our study reported inconsistent results. Harting et al [18] suggested that COPD patients contained lower levels of IL-6. Furthermore, Aaron et al [14] indicated that IL-8 level was not associated with COPD pathogenesis. The inconsistent findings may be related to the inclusion of studies with different baseline characteristics and early stages of COPD that are insensitive to systemic inflammatory markers.
Previous study suggested that fibrinogen was probably a useful biomarker to stratify individuals with a high or low risk of COPD exacerbation [40] . In our study, individuals with COPD were associated with elevated fibrinogen levels. Fibrinogen might represent a potentially useful biomarker and requires large observational studies for further validation.
No significant association was seen between TNF-α level and the pathogenesis of COPD. In our pooled analysis of 10 studies, five reported that COPD was associated with elevated TNF-α level, whereas two studies found COPD associated with lower TNF-α level, and the remaining 3 reported no significant relationship. A previous meta-analysis [24] also suggested that COPD was associated with higher TNF-α level with only 4 studies reporting this outcome. In comparison, in our current meta-analysis, 10 of the included studies reported this relationship. In addition, a few included studies [9, 20, 10, 11, 22] definitely indicated that TNF-α was a mediator of cachexia and inflammation induced apoptosis. According to Garcia-Rio et al [13] , the origin of systemic inflammation in COPD and the association between TNF-α level and the pathogenesis of COPD were not completely clear. Similarly, substantial heterogeneity and variance observed in the included studies preclude any unequivocal conclusion. Our comparative study provides a comprehensive analytical review. The strengths of our study relate to the large sample size allowing us to quantitatively evaluate the relationship of systemic inflammation with the pathogenesis of COPD. Therefore, our findings are potentially more robust than those of any individual study. Further, we summarized six important markers and their potential role in COPD, and explored the relationships in several specific subpopulations.
The limitations of our meta-analysis relate to the use of pooled data. Individual data were not available, which precluded a more detailed and comprehensive analysis. In addition, metaanalyses always use published studies, and publication bias is inevitable.
Conclusion
In conclusion, the results of our study indicate that systemic inflammatory markers play an important role in the pathogenesis of COPD. Further large-scale studies are needed to corroborate the findings, before providing recommendations for identifying clinical phenotypes and monitoring therapeutic response. 
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